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Abstract The cesium (Cs) adsorption ability and stability
of metal hexacyanoferrates (MHCFs: M = Fe, Cu, Ni) in
HNO; solutions were investigated as a function of the
absorbed dose resulting from irradiation with gamma rays.
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Introduction

In the nuclear industry, one of the most important tasks is
safe management of the high-level radioactive waste
(HLW) generated during the reprocessing of spent fuels. It
is expected that by removing cesium (Cs) from HLWs, the
volume of vitrified wastes can be reduced because the
amount of HLWs that can be safely contained by vitrified
wastes intended for disposal is limited by the decay heats
of nuclides such as *’Cs and *°Sr [1]. In addition, the
handling of HLWs with a reduced Cs content should be
easier, because the bulk of the radioactivity of HLWs
derives from '*’Cs and *°Sr for several hundreds of years
following the reprocessing of spent fuels [2].
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Metal hexacyanoferrates (MHCFs: M = Fe, Cu or Ni)
are known as adsorbents for the selective adsorption of Cs
ions in solution [3]. Recently, we reported an electro-
chemical method based on MHCFs for Cs recovery from
nitric acid (HNOj3) solutions [4, 5]. In the separation sys-
tem, the adsorption/desorption of Cs ions was conducted
repeatedly on an electrode coated with MHCF nanoparti-
cles. Thus far, we have revealed that synthesized FeHCF,
obtained as the charge-compensated salt (FeftH[FeH(-
CN)sl3), has a much higher Cs adsorption ability than that
of commercially purchased FeHCF (Prussian blue) with an
ideal perfect lattice, although the intrinsic mechanism of
selective Cs ion adsorption has not yet been clarified. The
greater ability is attributed to the presence of lattice defect
sites [6].

In this study, the influence of the gamma ray irradiation
of MHCFs with lattice defect sites on their Cs adsorption
ability and stability in HNOj; solutions was investigated for
MHCEF application in practical Cs separation processes.

Experimental

Materials

The metal hexacyanoferrates used in this study were syn-
thesized according to the previously reported procedure [7,
8] and included Fel'[Fe'"(CN)¢l; (FeHCF), Cul[Fe™(-
CN)g]» (CuHCF), and NiY[Fe™(CN)4], (NiHCF). All other
chemicals were of analytical reagent grade.

Gamma ray irradiation

Irradiation with gamma rays was conducted at the ®°Co
gamma ray irradiation facilities at the Takasaki Advanced
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Radiation Research Institute of the Japan Atomic Energy
Agency (JAEA). Two types of samples were prepared for
irradiation: only MHCF (dry-irradiation sample) and
MHCF in 1.0 M HNOj; solution (wet-irradiation sample).
Samples in glass tubes were intermittently irradiated with
gamma rays from a 1.0 x 10'® Bq ®Co source at an
absorbed dose rate of 10 kGy h™' in air at room temper-
ature for a maximum of 27 h. The dose absorbed by each
sample was corrected for the electron density. The absor-
bed doses were calibrated using a cellulose triacetate film
dosimeter.

Adsorption of cesium by the MHCFs

Batch adsorption experiments were performed to determine
the Cs distribution coefficients (K4) for the irradiated
MHCFs. For the wet-irradiation samples, each MHCF was
separated from the irradiated mixture by filtration and then
dried under vacuum before the adsorption experiments.
Next, the irradiated MHCF (50 mg) was contacted with
1.0 M HNO;3; (2 ml) containing 1 ppm Cs at room

temperature for 1 h. After centrifugation and separation,
the concentration of Cs in the aqueous phase was measured
using inductively coupled plasma mass spectroscopy (ICP-
MS, NexIon300 D, PerkinElmer, USA). The K4 was cal-
culated using Eq. (1):
_C—C Vs
== W

Kq (1)
where Cy and C are the concentrations of Cs in the aqueous
phase before and after adsorption, respectively, Vg is the
volume of the aqueous phase (ml), and Wy is the weight of
the dry adsorbent (g).

Evaluation of the radiolytic decomposition
of the MHCFs

To evaluate the radiolytic decomposition of the MHCFs,
the ratio of the dissolved M (= Fe, Cu or Ni) in the aqueous
phase to the initial weight of each MHCF was calculated
using the amount of M determined via ICP-MS analysis
after irradiation. In addition, elemental analysis for C, H,
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and N was performed after irradiation using an Amco
EA1110 elemental analyzer.

Results and discussion
Cesium adsorption ability of the MHCFs

The Cs distribution coefficients (K,) for the MHCFs are
shown in Fig. 1 as a function of the adsorbed dose. Without
irradiation, the K; value for each MHCF reached the
maximum, and all of the MHCFs exhibited high selectivity
for Cs. Furthermore, in the absorbed dose range from O to
300 kGy, each K4 was nearly constant and independent of
the absorbed dose under both dry- and wet-irradiation
conditions, although CuHCF exhibited a two-order smaller
K4 compared to those of FeHCF and NiHCF. In addition,
the K4 values for FeHCF and CuHCF under wet-irradiation
conditions were less than the corresponding values under
dry-irradiation conditions. This decrease in the K4 in HNO3
solution may be due to the reaction of the MHCFs with

Fig. 2 Ratios of M (= Fe, Cu or

FeHCF
Ni) dissolved in HNOj3 solutions (a) 1 ‘

radicals generated during the radiolytic decomposition of
H,O and HNOj;. However, despite the lower K4 values, no
appreciable depreciation in the adsorption ability following
irradiation was observed.

Stability of the MHCFs

The ratios of the quantities of each M (= Fe, Cu or Ni)
dissolved in the HNO;3 solutions following irradiation to
the initial weights of the corresponding MHCFs are shown
in Fig. 2 as a function of the adsorbed dose. As observed in
the figure, in the absorbed dose range from 0 to 300 kGy,
the dissolved concentrations of all of the metal ions
increased with an increase in the absorbed dose. This result
suggests the radiolysis of the MHCFs by gamma rays.
Notably, the Fe in FeHCF was dissolved 10 times more
readily than the Cu and Ni in CuHCF and NiHCF,
respectively, regardless of the absorbed gamma ray dose.
On the other hand, the dissolution of Ni from NiHCF was
approximately three times greater than that of Cu from
CuHCF. This difference in the dissolution of the metal
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from CuHCF and NiHCF may be attributed to the ioniza-  Conclusion

tion tendencies of Cu and Ni. Based on the dissolution
behavior of the metal ions after irradiation, it appears that
CuHCF was the most stable with respect to gamma ray
irradiation, but exhibited the lowest K4(Cs) values.

It should also be noted that, although the dissolution of
the metal ions increased with an increase in the gamma ray
dose, the K4(Cs) were nearly constant regardless of the
dose, as shown in Figs. 1 and 2. We previously reported
that the sites around lattice defects play an important role
in the uptake of cesium by MHCFs. These results are
consistent with this conclusion, because the constant Ky(-
Cs) values suggest that the quantity of sites where uptake
occurred where caused by dissolution of metal ions from
the MHCFs.

As observed in Fig. 3, the elemental analysis results for
the irradiated MHCFs indicated that no deterioration in the
carbon, hydrogen, and nitrogen content occurred at any of
the gamma ray doses.
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To determine the applicability of metal hexacyanoferrates
(MHCFs: M = Fe, Cu, Ni) in practical Cs separation
processes, the adsorption ability for Cs and the stability of
various MHCFs in HNOj; solutions were investigated as a
function of the absorbed dose resulting from irradiation
with gamma rays. The Cs distribution coefficients for the
irradiated MHCFs were nearly constant and independent of
the absorbed dose (0-300 kGy). In addition, in this
absorbed dose range, the dissolution of M due to irradiation
with gamma rays was found to be negligible. In conclusion,
it was revealed that the retention of the adsorption ability
was attributed to the stability of the MHCFs.
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